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PROBLEM TO BE SOLVED: To 
provide a nonaqueous electrolyte 
solution with superior battery 
performance and a nonaquepous 
electrolytic solution battery that 
restrains vaporization and resolution 
of the electrolyte solution and 
simultaneously reduces the possibility 
of breaking and firing the battery due 
to a generated gas. 

SOLUTION: This nonaqueous 
electrolyte solution battery is 
provided with a positive electrode, 
comprising an oxide or a sulfide that 
can be doped/dedoped with lithium 
ions, a negative electrode consisting 
of a carbon material that can be 
doped/dedoped with lithium metal, a 
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lithium alloy, or lithium ions, and a 
nonaqueous electrolyte solution. The 
nonaqueous solution is a nonaqueous 
solution battery comprising a 
siloxane derivative shown by the 
formula and at least one kind of 
lithium metallic salt. In the formula, 

(a) represents an integer from 1 to 50, 

(b) represents an integer from 1 to 20, 
(m) represents an integer from 0 to 
40, (n) represents from 0 to 40, R 
represents a hydrogen element or 

alkyl each of which can be CHj CHa 



substituted. However, when b>l, (b) 
number of Ds may be the same or 
different. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~~ = ' 

[Claim 1] Nonaqueous electrolyte characterized by the bird clapper from the siloxane derivative 
shown by following ** 1, and at least one sort of alkali-metal salts. 
[Formula 1] 

CH 3 — — O D a — ffb— — CH 3 

CH 3 CH 3 

D= — O 

CH 3 

— O 

CH2-CH2-CH2— o— fcH 2 -CH 2 -o^(j:H-CH 2 — o-Vr 

0#£40CDSgSt££U nits Ofre>40<Dffi8[£$U RJ±, frMm? 

ttit*n?ftm&znT*>j:v7'ji'*)m£m*» fc£u b>i© 

[Claim 2] The above-mentioned siloxane derivative is nonaqueous electrolyte according to claim 1 
characterized by the coefficient of kinematic viscosity in the temperature of 25 degrees C being 5000 
or less cSts. 

[Claim 3] The above-mentioned siloxane derivative is nonaqueous electrolyte according to claim 1 
characterized by average molecular weight being 10000 or less. 

[Claim 4] Nonaqueous electrolyte according to claim 1 characterized by the above-mentioned alkali- 
metal salt being a lithium metal salt. 

[Claim 5] Nonaqueous electrolyte according to claim 1 characterized by the conductivity in the 
temperature of 25 degrees C being -one or more 0.1 mS-cm. 

[Claim 6] It is the nonaqueous electrolyte cell characterized by the bird clapper from the siloxane 
derivative in which the above-mentioned nonaqueous electrolyte is shown by following ** 2 in a 
nonaqueous electrolyte cell equipped with the positive electrode which consists of the oxide or 
sulfide in which a dope and a ** dope of a lithium ion are possible, the negative electrode which 
consists of a lithium metal, a lithium alloy, or a carbon material in which a dope and a ** dope of a 
lithium ion are possible, and nonaqueous electrolyte, and at least one sort of lithium metal salts. 
[Formula 2] 
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D= — o 

CH 3 



<^h 3 



D*= |i — O 

CH2-CH2-CH2— O— fCH 2 -CH 2 -0 




\CH 3 'n 



[Claim 7] The above-mentioned siloxane derivative is a nonaqueous electrolyte cell according to 
claim 6 characterized by the coefficient of kinematic viscosity in the temperature of 25 degrees C 
being 5000 or less cSts. 

[Claim 8] The above-mentioned siloxane derivative is a nonaqueous electrolyte cell according to 
claim 6 characterized by average molecular weight being 10000 or less. 

[Claim 9] The above-mentioned nonaqueous electrolyte is a nonaqueous electrolyte cell according to 
claim 6 characterized by the conductivity in the temperature of 25 degrees C being -one or more 0.1 
mS-cm. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] By using the specific electrolytic solution, this 
invention raises the safety at the time of a short circuit, and relates to the nonaqueous electrolyte cell 
using the nonaqueous electrolyte and this which demonstrate the cell performance which was 
excellent also in the high voltage. 
[0002] 

[Description of the Prior Art] Recent years come and portable electrical-and-electric-equipment 
products, such as a camera one apparatus video tape recorder, a cellular phone, and a laptop 
computer, are spreading quickly. Moreover, development of the electric vehicle which does not 
discharge exhaust gas, such as NOx, in air came to be taken up from a viewpoint of environmental 
protection as a social technical problem. Under such a situation, the research and development about 
the cell as a portable power supply and a clean energy source, especially a rechargeable battery are 
furthered actively. Especially, since a high energy density is obtained as compared with the lead cell 
and nickel-cadmium battery which are the conventional drainage system electrolytic-solution 
rechargeable battery, the lithium or the rechargeable lithium-ion battery attracts great expectation. 
[0003] As the electrolytic solution of this lithium or a lithium ion battery, also as for electric 
conductivity, what is in the liquid state where the lithium system electrolyte salt of LiPF6 grade was 
dissolved as an electrolyte is comparatively high to low-molecular ethylene carbonate, propylene 
carbonate, and carbonate system non-aqueous solvents, such as diethyl carbonate, and is widely used 
for them from the point stable also in potential. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, although the nonaqueous electrolyte cell 
mentioned above is highly efficient, since the inflammable organic solvent is used for it as the 
electrolytic solution, it has a problem in safety. For example, the high current flowed and generated 
heat in the cell rapidly at the time of a short circuit, the electrolytic solution which contains an 
organic solvent by this caused evaporation and decomposition, and there was a problem which 
generates gas. And breakage of a cell, rupture, and ignition may have taken place for this generation 
of gas. Methods, such as preparing the relief valve and current interrupting device which cleave by 
elevation of cell internal pressure as these solution methods until now, were made. 
[0005] However, by such improvement method of a structure mechanism, in order not to restrict that 
any problems can be coped with but to raise the safe performance of a cell, the fundamental 
improvement method of cell material is needed. 

[0006] this invention is proposed in order to solve the above technical problems, and it aims at 
offering nonaqueous electrolyte excellent in chemical and thermochemical stability. And it aims at 
offering the nonaqueous electrolyte cell which suppressed evaporation of the electrolytic solution, 
and decomposition, and reduced breakage of the cell by the generation of gas, and the danger of 
ignition simultaneously, and was excellent in the cell performance. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned purpose, this invention 
persons had high chemical stability as an electrolytic-solution material, as a result of repeating 
examination wholeheartedly, and by using the siloxane derivative which is the inorganic polymer of 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/4/2003 
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fire-resistant or low vapor pressure, evaporation of the electrolytic solution and decomposition were 
suppressed, breakage of a cell and the danger of ignition were reduced simultaneously, and it found 
out that the outstanding cell performance could be obtained. 

[0008] That is, the nonaqueous electrolyte concerning this invention is characterized by the bird 

clapper from the siloxane derivative shown by following ** 3, and at least one sort of alkali-metal 

salts. 

[0009] 

[Formula 3] 

<j:H3 <pn 3 . 

CH 3 — — O D a — Po— — CH 3 

CHa CH 3 

O |i — O 

CHa 
<^H 3 

D'= |i — O 

CH 2 -CH 2 -CH 2 — 0H-CH2-CH2-0W^H-CH2— 

\CH 3 In 

(3fk ali, 1^650©ifcSfc£aU b(±, 1jfce>20<DSSt_«U ml*. 

[0010] As for the above-mentioned siloxane derivative, it is desirable that the coefficient of 
kinematic viscosity in the temperature of 25 degrees C is 5000 or less cSts, and it is desirable that 
average molecular weight is 10000 or less. By optimizing a coefficient of kinematic viscosity and 
average molecular weight, it becomes compoundable [ the solvent which has the proper viscosity 
which can be equal to use as the electrolytic solution, and the solubility suitable for mixture ]. 
[0011] Thus, the nonaqueous electrolyte concerning this invention has high chemistry stability, since 
the siloxane derivative which is the inorganic polymer of fire-resistant or low vapor pressure is used 
for it, it suppresses evaporation of the electrolytic solution, and decomposition at the time of a short 
circuit, reduces breakage of a cell, and the danger of ignition, and has the cell performance which was 
excellent also in the high voltage. 

[0012] On the other hand, the nonaqueous electrolyte cell concerning this invention is equipped with 

the positive electrode which consists of the oxide or sulfide in which a dope and a ** dope of a 

lithium ion are possible, and the negative electrode which consists of a lithium metal, a lithium alloy, 

or a carbon material in which a dope and a ** dope of a lithium ion are possible. And the nonaqueous 

electrolyte cell concerning this invention is characterized by having nonaqueous electrolyte which 

consists of a siloxane derivative shown by following ** 4, and at least one sort of lithium metal salts. 

[0013] 

[Formula 4] 

<^H 3 c^H 3 

CH 3 — — O Da— Ob— |i — CH 3 

CH 3 CHa 

<JHs 

D= — O 

CH 3 
<JH 3 

— O 

CH2-CH2— CH 2 — O— fCH2-CH2-ot/CH-CH 2 — 0"Vr 
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CH 3 1 



\CHa /n 



(5£4>» afi. 1#S5CW_E»_£U b(*. lXP620<0_Efi_aU mli, 

[0014] As for the above-mentioned siloxane derivative, it is desirable that the coefficient of 
kinematic viscosity in the temperature of 25 degrees C is 5000 or less cSts, and it is desirable that 
average molecular weight is 10000 or less. By optimizing a coefficient of kinematic viscosity and 
average molecular weight, it becomes compoundable [ the solvent which has the proper viscosity 
which can be equal to use as the electrolytic solution, and the solubility suitable for mixture ]. 
[0015] Thus, as the electrolytic solution, the nonaqueous electrolyte cell concerning this invention 
has high chemistry stability, using the siloxane derivative which is the inorganic polymer of fire- 
resistant or low vapor pressure, it suppresses evaporation of the electrolytic solution, and 
decomposition at the time of a short circuit, reduces breakage of a cell, and the danger of ignition, 
and has the cell performance which was excellent also in the high voltage from a bird clapper. 
[0016] 

[Embodiments of the Invention] Hereafter, the nonaqueous electrolyte cell using the nonaqueous 
electrolyte and this concerning this invention is explained in detail. 

[0017] The nonaqueous electrolyte concerning this invention is characterized by the bird clapper from 

the siloxane derivative shown by following ** 5, and at least one sort of alkali-metal salts. 

[0018] 

[Formula 5] 

CH 3 CHa 

CHa— — O D a — Ob— — CHa 

CHa CHa 

CHa 

D= Si — O 

CH 3 
CHa 

D*= Si — O 

CH 2 -CH 2 -CH 2 — O— fCH 2 -CH 2 -o)j^4cH— CH 2 — oA-R 

\CHa 'n 

(5t«t\ alt. !#>e>50©£&4£U b|*. t#&20<Z>S»£gU mtt. 

[0019] It is the shape type siloxane derivative of a chain with which it had the chain combination of a 
silicon and oxygen in the basic skeleton, and the side chain radical which is a univalent organic 
machine was added to the silicon, its chemical stability is high, and since the above-mentioned 
siloxane derivative is fire retardancy or low vapor pressure, it is an inorganic polymer which is 
excellent also in theimochemical stability. 

[0020] Furthermore, viscosity is a low solution-like comparatively, and this siloxane derivative is 
asked for the structure where an alkali-metal salt may be dissolved. That is, coefficients of kinematic 
viscosity [ in / the temperature of 25 degrees C / in a siloxane derivative ] are below 5000cSt(s) 
(centistokes), and it is called for that average molecular weight is 10000 or less. 
[0021] Furthermore, it is more desirable that the conductivity in the temperature of 25 degrees C is - 
one or more 0. 1 mS-cm as the electrolytic solution. 

[0022] The proper viscosity which can be equal to use as the electrolytic solution, and the solubility 
suitable for mixture become possible by choosing moderately the side chain radical of D shown by ** 
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5, and D\ As for the side chain radical of D* shown by ** 5, it is advantageous to include ether 
linkage. Moreover, a is 1-50, b is 1-20 and, as for the sum of a and b, it is more desirable that it is 1- 
40. In addition, the hydrogen in D, D\ and Substituent R may be replaced by halogens, such as a 
fluorine and boron. 

[0023] According to the kind of cell which can use the salt of light metals, such as a lithium, sodium, 
and aluminum, and uses the nonaqueous electrolyte concerned, it can set to the alkali-metal salt 
dissolved in the siloxane derivative mentioned above on the other hand expedient. 
[0024] for example, in constituting a lithium or a rechargeable lithium-ion battery LiBF4, LiC104, 
LiPF6, LiAsF6, CF3S03Li, 2NLi, C4F9S03Li, CF3C02Li, (CF3S02) 2NLi, C6F5S03Li, 
C8F17S03Li, (CF3C02) It NLi(s) and NLi(s) (CF(C4F9S02)3S02). (C2F5S02) 2 - (FS02C6F4) 
NLi, 2(2(CF3) CHOS02) NLi, 3(CF3S02) CLi, and 4 (3 C6F3(CF3)2- 5) - the lithium salt of BLi, 
LiCF3, and LiAlC14 grade can be used (CF3S02) 

[0025] Thus, when a high current flows rapidly from a bird clapper at the time of a short circuit, 
using as a solvent the siloxane derivative the nonaqueous electrolyte containing the siloxane 
derivative mentioned above and an alkali-metal salt excels [ derivative ] in chemical stability and 
thermochemical stability, evaporation of the electrolytic solution and decomposition are suppressed. 
Therefore, the cell performance which the danger of rapid breakage of the cell at the time of a short 
circuit or ignition was reduced, and safety of the nonaqueous electrolyte cell using this nonaqueous 
electrolyte improved, and was excellent also in the high voltage can be demonstrated. 
[0026] As mentioned above, the nonaqueous electrolyte mentioned above uses a^the electrolytic 
solution of the nonaqueous electrolyte rechargeable battery equipped with the positive electrode 
which consists of the oxide or sulfide in which a dope and a ** dope of a lithium are possible, and the 
negative electrode which consists of carbonaceous material in which a dope and a ** dope of a 
lithium metal, a lithium alloy, or a lithium ion are possible and is suitable. 

[0027] For example, when it constitutes a lithium secondary battery, as a positive active material, the 
metallic sulfide which does not contain the lithium of TiS2, MoS2, NbSe2, and V205 grade, an 
oxide, or the lithium multiple oxide containing a lithium can be used. 

[0028] In order to constitute the cell which has high-energy density especially, the lithium multiple 
oxide which makes a subject IixM02 (one or more kinds of transition metals of M are desirable, and 
it is 0.05<=x<=1.10 among a formula.) is used preferably. As a lithium multiple oxide, LiCo02, 
LiNi02, LixNiyCol-y02 (among a formula, x and y change with electric discharge states of a cell, 
and are usually 0< x<l and 0.7< y<=l.)> and LiMn204 grade are mentioned concretely. 
[0029] According to composition of a request of the carbonate of a lithium, a nitrate, an oxide or a 
hydroxide, and carbonates, such as cobalt, manganese, or nickel, a nitrate, an oxide or a hydroxide, 
trituration mixture of such a lithium multiple oxide can be carried out, and it can be adjusted by 
calcinating by the 600-1000-degree C temperature requirement in oxygen atmosphere. 
[0030] Moreover, as a negative electrode, lithium alloys, such as a lithium and an Li-aluminum alloy, 
or the carbon material in which a dope and a ** dope of a lithium ion are possible can be used. What 
was adjusted in predetermined temperature and atmosphere as a carbon material is used. As this raw 
material, pyrolytic carbons, corks, artificial graphites (petroleum coke, pitch coke, etc.), natural 
graphites, carbon black (acetylene black etc.), glassy carbons, an organic polymeric-materials baking 
object (what calcinated organic polymeric materials at the suitable temperature of 500 degrees C or 
more in the inert gas air current or the vacuum), a carbon fiber, etc. can be used, for example. 
[0031] Furthermore, although it can use the one-sort independent which is the siloxane derivative 
mentioned above as a solvent of nonaqueous electrolyte, you may use it conventionally, using 
together with other well-known solvents. As other solvents, propylene carbonate, ethylene carbonate, 
diethyl carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, gamma- 
butyrolactone, a tetrahydrofiiran, 1, 3-dioxolane, dipropyl carbonate, diethylether, a sulfolane, a 
methyl sulfolane, an acetonitrile, propyl nitril, an anisole, acetic ester, propionic-acid ester, 2-methyl 
tetrahydrofiiran, etc. can be used, and two or more kinds may use it, for example, mixing. 
[0032] A nonwoven fabric, a porosity ceramic film, or a porosity thin film film made of synthetic 
resin, such as the material which can prevent contact of two poles certainly, and, and can contain or 
can be carried out as separator for preventing the short circuit of the current by contact of the positive 
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electrode mentioned above and the two poles of a negative electrode etc., for example, a 
polytetrafluoroethylene, polypropylene, and polyethylene, etc. can be used. [ letting the electrolytic 
solution pass ] 

[00331 Thus, as the electrolytic solution, chemical stability is high and it becomes what evaporation 
of the electrolytic solution and decomposition were suppressed, and the danger of ignition and 
ignition was simultaneously reduced, and was excellent in the cell performance also in the high 
voltage in the nonaqueous electrolyte cell using the siloxane derivative of the inorganic polymer of 
fire-resistant or low vapor pressure. 

[0034] In addition, as a composition member of others of the cell of this invention, what is usually 
used can be used convenient. Moreover, especially the gestalt of a cell is not restricted and the gestalt 
of cells, such as a telescopic cell of a coin type, a button type, a paper type, a square shape, or spiral 
structure, is not asked. 
[00351 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to this. 

[0036] The concentration of lithium salt was changed into siloxane derivative (1) - (3) shown by ** 6 
of the example 1 following -izing 8, and it added, respectively. And these were inserted into the 
stainless steel board of 2 the thickness of 0.145cm, and an area of 0.7854cm, respectively, and it 
asked for conductivity from the so-called Kohl Kohl (Cole-Cole) plot which expressed the sine-wave- 
alternating-current voltage to impress by the symbolic method (complex notation). This result is 
shown in Table 1. 

[0037] In addition, the siloxane derivatives (3) in which the siloxane derivative (2) in which the 
siloxane derivative (1) in which the coefficient of kinematic viscosity in each 25 degrees C is shown 
by ** 6 is shown by 100cSt(s) and ** 7 is shown by 1600cSt(s) and ** 8 were 400cSt(s). 
[0038] 
[Formula 6] 

r vn n 

CH 3 -|i— O-f-^i j-O 




Ha 



CH 3 \CH 3 /10 V:Hz— CH 2 -CH 2 -0-(-CH2— CH 2 -O^CH3/ 5 CH 3 




mm* (D 



[0039] 

[Formula 7] 

<pHa y^H 3 

CHa-Si— 0+-Si-0 

CH3 \CH 3 >27 ^CHa-^^Hz-O^^-CHz^K^H-CHz-drBu^CHa 





'3 



• - -mm* (2) 

(Bu= CH 2 — CHz-CH 2 — CH 3 ) 

[0040] 
[Formula 8] 
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H 3 



CH 3 '24 X CH 2 — CH 2 -CH2-0-fCH 2 — CHz-O^H ' 4 CH 3 



|i — CH 3 



[0041] 
Table 1] 











«^(25^CXmS-cm- 1 ] 




0) 


(CF 3 S0 2 ) 2 NLi 


0.5 


2.20x1 0 -1 






(CF 3 S0 2 ) 2 NLi 


1.0 


2.25x1 0 -1 






(CF 3 S0 2 ) 3 CLi 


0.5 


1.20X10 -1 




ms&A (i) 


(CF 3 S0 2 ) 3 CLi 


1.0 


1.26X10 -1 




WtoC (2) 


(CF 3 S02>2NLi 


0.5 


2.09x1 CT 2 




WSsC (2) 


(CFjSO^NLi 


1.0 


4.05x10' 2 




«Jft« (2) 


(CF 3 S0 2 ) 3 CU 


0.5 


3.64x10- 2 




ffliSS (2) 


(CF 3 S0 2 ) 3 CLi 


1.0 


3.80x1 0~ 2 




M$£ (3) 


(CF 3 S0 2 ) 2 NLi 


0.5 


4.62x10- 2 




(3) 


(CFgSO^NLi 


1.0 


4.80x1 0~ 2 




mm* (3) 


(CF 3 S0 2 ) 3 CLi 


0.5 


2.75x1 0" 2 




(3) 


(CF 3 S0 2 ) 3 CLI 


1.0 


2.88x10- 2 



[0042] The result of Table 1 shows that each siloxane derivative shown by ** 6 -izing 8 has the 
conductivity which can be used for a cell. Moreover, in siloxane derivative (1) - (3) from which a 
coefficient of kinematic viscosity differs, it turns out that conductivity with higher using the siloxane 
derivative (1) which has a low coefficient of kinematic viscosity more can be obtained. 
[0043] The cyclic voltamogram of the siloxane derivative (1) shown by ** 6 and ** 7 of the example 
2 point and (2) was measured, and oxidation stability was investigated. Measurement used the 
electrochemical cell made from three electrodes, and used the lithium metal for the operation pole on 
the nickel electrode (diameter : 0.5mm), the counter electrode, and the reference pole. And potential 
until the oxidation current of lOOmicroA-cm -2 occurs was made into the range of stable potential. 
Consequently, 5.8V and the oxidization stable potential of a sample 6 were set to 6.0V by the 
oxidization stable potential of a sample 2. 

[0044] This result shows that a siloxane derivative can demonstrate the cell performance which was 
excellent also in the high voltage. 

[0045] The coin cell siloxane derivative [ which is shown to LiCo02 and a negative electrode by the 
carbon material, and is shown in the electrolytic solution by ** 6 ] (1) Used for example 3 positive 
electrode was produced, and the charge and discharge test was performed. Upper-limit voltage: 
Charge and discharge were repeated up to 20 cycles on condition that 4.2V, minimum voltage:3.0V, 
and discharge current: lOOmicro A. The charge and discharge test at that time is shown in drawing 1 . 
[0046] The result of drawing 1 shows that a siloxane derivative (1) has the cell performance which 
was excellent as a cell. 
[0047] 

[Effect of the Invention] According to this invention, the nonaqueous electrolyte cell which has the 
cell performance which could obtain nonaqueous electrolyte excellent in chemical and 
thermochemical stability, was excellent in safety, and was excellent also in the high voltage from the 
bird clapper can be obtained, using a specific siloxane derivative as the electrolytic solution so that 
clearly also from the above explanation. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] By using the specific electrolytic solution, this 
invention raises the safety at the time of a short circuit, and relates to the nonaqueous electrolyte cell 
using the nonaqueous electrolyte and this which demonstrate the cell performance which was 
excellent also in the high voltage. 
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PRIOR ART 

[Description of the Prior Art] Recent years come and portable electrical-and-electric-equipment 
products, such as a camera one apparatus video tape recorder, a cellular phone, and a laptop 
computer, are spreading quickly. Moreover, development of the electric vehicle which does not 
discharge exhaust gas, such as NOx, in air came to be taken up from a viewpoint of environmental 
protection as a social technical problem. Under such a situation, the research and development about 
the cell as a portable power supply and a clean energy source, especially a rechargeable battery are 
furthered actively. Especially, since a high energy density is obtained as compared with the lead cell 
and nickel-cadmium battery which are the conventional drainage system electrolytic-solution 
rechargeable battery, the lithium or the rechargeable lithium-ion battery attracts great expectation. 
[0003] As the electrolytic solution of this lithium or a lithium ion battery, also as for electric 
conductivity, what is in the liquid state where the lithium system electrolyte salt of LiPF6 grade was 
dissolved as an electrolyte is comparatively high to low-molecular ethylene carbonate, propylene 
carbonate, and carbonate system non-aqueous solvents, such as diethyl carbonate, and is widely used 
for them from the point stable also in potential. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, the nonaqueous electrolyte cell which has the 
cell performance which could obtain nonaqueous electrolyte excellent in chemical and 
thermochemical stability, was excellent in safety, and was excellent also in the high voltage from the 
bird clapper can be obtained, using a specific siloxane derivative as the electrolytic solution so that 
clearly also from the above explanation. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran„web_cgi_ejje 



6/4/2003 



* NOTICES * 



Page 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation • 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] By the way, although the nonaqueous electrolyte cell 
mentioned above is highly efficient, since the inflammable organic solvent is used for it as the 
electrolytic solution, it has a problem in safety. For example, the high current flowed and generated 
heat in the cell rapidly at the time of a short circuit, the electrolytic solution which contains an 
organic solvent by this caused evaporation and decomposition, and there was a problem which 
generates gas. And breakage of a cell, a burst, and ignition may have taken place for this generation 
of gas. Methods, such as preparing the relief valve and current interrupting device which cleave by 
the rise of cell internal pressure as these solution methods until now, were made. 
[0005] However, by such improvement method of a structure mechanism, in order not to restrict that 
any problems can be coped with but to raise the safe performance of a cell, the fundamental 
improvement method of cell material is needed. 

[0006] this invention is proposed in order to solve the above technical problems, and it aims at 
offering nonaqueous electrolyte excellent in chemical and thermochemical stability. And it aims at 
offering the nonaqueous electrolyte cell which suppressed evaporation of the electrolytic solution, 
and decomposition, and reduced breakage of the cell by the generation of gas, and the danger of 
ignition simultaneously, and was excellent in the cell performance. 
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[Means for Solving the Problem] In order to solve the above-mentioned purpose, this invention 
persons had high chemical stability as an electrolytic-solution material, as a result of repeating 
examination wholeheartedly, and by using the siloxane derivative which is the inorganic polymer of 
fire-resistant or low vapor pressure, evaporation of the electrolytic solution and decomposition were 
suppressed, breakage of a cell and the danger of ignition were reduced simultaneously, and it found 
out that the outstanding cell performance could be obtained. 

[0008] That is, the nonaqueous electrolyte concerning this invention is characterized by the bird 

clapper from the siloxane derivative shown by following ** 3, and at least one sort of alkali-metal 

salts. 

[0009] 

[Formula 3] 

CjJHa (j>H 3 . 

CH 3 — — O Da— Vt>— |i— CH 3 

CHa CH 3 

<JH 3 

D= — O 

CHa 



<3t<k af*. 1*>e>50©S&&43iU bit. 1#&20<DSa_£U ml*. 

[0010] As for the above-mentioned siloxane derivative, it is desirable that the coefficient of 
kinematic viscosity in the temperature of 25 degrees C is 5000 or less cSts, and it is desirable that 
average molecular weight is 1000Q or less. By optimizing a coefficient of kinematic viscosity and 
average molecular weight, it becomes compoundable [ the solvent which has the proper viscosity 
which can be equal to use as the electrolytic solution, and the solubility suitable for mixture ]. 
[0011] Thus, the nonaqueous electrolyte concerning this invention has high chemistry stability, since 
the siloxane derivative which is the inorganic polymer of fire-resistant or low vapor pressure is used 
for it, it suppresses evaporation of the electrolytic solution, and decomposition at the time of a short 
circuit, reduces breakage of a cell, and the danger of ignition, and has the cell performance which was 
excellent also in the high voltage. 

[0012] On the other hand, the nonaqueous electrolyte cell concerning this invention is equipped with 
the positive electrode which consists of the oxide or sulfide in which a dope and a ** dope of a 
lithium ion are possible, and the negative electrode which consists of a lithium metal, a lithium alloy, 
or a carbon material in which a dope and a ** dope of a lithium ion are possible. And the nonaqueous 
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electrolyte cell concerning this invention is characterized by having nonaqueous electrolyte which 
consists of a siloxane derivative shown by following ** 4, and at least one sort of lithium metal salts 
[0013] 
[Formula 4] 

CH 3 — — 0 Da — D-b— Si — CH 3 

C H 3 CHa 



CHa 

J 

CHa 
CHa 

D*= Si — O 

CH2-CH2— CH 2 — O— fCH2-CH 2 -O^CH-CH2— 0-\-R 

\CHa 'n 

(It*, afi. 1A>e.50©S»*aL,> btt. lJtPS20<Z>SfcS£*U mtt, 
0#*>40©g3t£gU nit, 0fr€»4(W>g»£gU Rfi. TkJSJ^ 

t 

[0014] As for the above-mentioned siloxane derivative, it is desirable that the coefficient of 
kinematic viscosity in the temperature of 25 degrees C is 5000 or less cSts, and it is desirable that 
average molecular weight is 10000 or less. By optimizing a coefficient of kinematic viscosity and 
average molecular weight, it becomes compoundable [ the solvent which has the proper viscosity 
which can be equal to use as the electrolytic solution, and the solubility suitable for mixture ]. 
[0015] Thus, as the electrolytic solution, the nonaqueous electrolyte cell concerning this invention 
has high chemistry stability, using the siloxane derivative which is the inorganic polymer of fire- 
resistant or low vapor pressure, it suppresses evaporation of the electrolytic solution, and 
decomposition at the time of a short circuit, reduces breakage of a cell, and the danger of ignition, 
and has the cell performance which was excellent also in the high voltage from a bird clapper. 
[0016] 

[Embodiments of the Invention] Hereafter, the nonaqueous electrolyte cell using the nonaqueous 
electrolyte and this concerning this invention is explained in detail. 

[0017] The nonaqueous electrolyte concerning this invention is characterized by the bird clapper from 

the siloxane derivative shown by following ** 5, and at least one sort of alkali-metal salts. 

[0018] 

[Formula 5] 

CHa CHa 

CHa— Si — O D a — D b — Si — CHa 

CHa CHa 

CHa 

D= Si — O 

CHa 

CH 3 
D*= Si 



CH2-CH2-CH2— O— fCH 2 -CH 2 -o)^CH-CH2— O-Vr 

\CHa /n 
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[0019] It is the shape type siloxane derivative of a chain with which it had the chain combination of a 
silicon and oxygen in the basic frame, and the side chain radical which is a univalent organic machine 
was added to the silicon, its chemical stability is high, and since the above-mentioned siloxane 
derivative is fire retardancy or low vapor pressure, it is an inorganic polymer which is excellent also 
in thermochemical stability. 

[0020] Furthermore, the structure where it has the shape of a solution with comparatively low 
viscosity, and an alkali-metal salt may be dissolved in this siloxane derivative is searched for. That is, 
coefficients of kinematic viscosity [ in / the temperature of 25 degrees C / in a siloxane derivative ] 
are below 5000cSt(s) (centistokes), and it is called for that average molecular weight is 10000 or less. 

[0021] Furthermore, it is more desirable that the conductivity in the temperature of 25 degrees C is - 
one or more 0.1 mS-cm as the electrolytic solution. 

[0022] The proper viscosity which can be equal to use as the electrolytic solution, and the solubility 
suitable for mixture become possible by choosing moderately the side chain radical of D shown by ** 
5, and D\ As for the side chain radical of D' shown by ** 5, it is advantageous to include ether 
linkage. Moreover, a is 1-50, b is 1-20 and, as for the sum of a and b, it is more desirable that it is 1- 
40. In addition, the hydrogen in D, D\ and Substituent R may be replaced by halogens, such as a 
fluorine and boron. 

[0023] According to the kind of cell which can use the salt of light metals, such as a lithium, sodium, 
and aluminum, and uses the nonaqueous electrolyte concerned, it can set to the alkali-metal salt 
dissolved in the siloxane derivative mentioned above on the other hand expedient. 
[0024] for example, in constituting a lithium or a rechargeable lithium-ion battery LiBF4, LiC104, 
LiPF6, LiAsF6, CF3S03Li, 2NLi, C4F9S03Li, CF3C02Li, (CF3S02) 2NLi, C6F5S03Li, 
C8F17S03Li, (CF3C02) It NLi(s) and NLi(s) (CF(C4F9S02)3S02). (C2F5S02) 2 - (FS02C6F4) 
NLi, 2(2(CF3) CHOS02) NLi, 3(CF3S02) CLi, and 4 (3 C6F3(CF3)2- 5) - the lithium salt of BLi, 
LiCF3, and LiAlC14 grade can be used (CF3S02) 

[0025] Thus, when a high current flows rapidly from a bird clapper at the time of a short circuit, 
using as a solvent the siloxane derivative the nonaqueous electrolyte containing the siloxane 
derivative mentioned above and an alkali-metal salt excels [ derivative ] in chemical stability and 
thermochemical stability, evaporation of the electrolytic solution and decomposition are suppressed. 
Therefore, the cell performance which the danger of rapid breakage of the cell at the time of a short 
circuit or ignition was reduced, and safety of the nonaqueous electrolyte cell using this nonaqueous 
electrolyte improved, and was excellent also in the high voltage can be demonstrated. 
[0026] As mentioned above, the nonaqueous electrolyte mentioned above uses as the electrolytic 
solution of the nonaqueous electrolyte rechargeable battery equipped with the positive electrode 
which consists of the oxide or sulfide in which a dope and a ** dope of a lithium are possible, and the 
negative electrode which consists of carbonaceous material in which a dope and a ** dope of a 
lithium metal, a lithium alloy, or a lithium ion are possible and is suitable. 

[0027] For example, when it constitutes a lithium secondary battery, as a positive active material, the 
metallic sulfide which does not contain the lithium of TiS2, MoS2, NbSe2, and V205 grade, an 
oxide, or the lithium multiple oxide containing a lithium can be used. 

[0028] In order to constitute the cell which has high-energy density especially, the lithium multiple 

oxide which makes a subject LixM02 (one or more kinds of transition metals of M are desirable, and 

it is 0.05<=x<=1.10 among a formula.) is used preferably. As a lithium multiple oxide, LiCo02, 

LiNi02, LixNiyCol-y02 (among a formula, x and y change with electric discharge states of a cell, 

and are usually 0< x<l and 0.7< y<=L), and LiMn204 grade are mentioned concretely. 

[0029] According to composition of a request of the carbonate of a lithium, a nitrate, an oxide or a 

hydroxide, and carbonates, such as cobalt, manganese, or nickel, a nitrate, an oxide or a hydroxide, 

pulverization mixture of such a lithium multiple oxide can be carried out, and it can be adjusted by 

calcinating by the 600-1000-degree C temperature requirement in oxygen atmosphere. 

[0030] Moreover, as a negative electrode, lithium alloys, such as a lithium and an Li-aluminum alloy, 

or the carbon material in which a dope and a ** dope of a lithium ion are possible can be used. What 
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EXAMPLE 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to this. 

[0036] The concentration of lithium salt was changed into siloxane derivative (1) - (3) shown by ** 6 
of the example 1 following -izing 8, and it added, respectively. And these were inserted into the 
stainless steel board of 2 the thickness of 0.145cm, and an area of 0.7854cm, respectively, and it 
asked for conductivity from the so-called Kohl Kohl (Cole-Cole) plot which expressed the sine-wave- 
alternating-current voltage to impress by the symbolic method (complex notation). This result is 
shown in Table 1. 

[0037] In addition, the siloxane derivatives (3) in which the siloxane derivative (2) in which the 
siloxane derivative (1) in which the coefficient of kinematic viscosity in each. 25 degrees C is shown 
by ** 6 is shown by 100cSt(s) and ** 7 is shown by 1600cSt(s) and ** 8 were 400cSt(s). 
[0038] 
[Formula 6] 

V 3 (V 3 \ fV* \ V 3 

CH 3 -|i— o^|i Jo+|i— O- — j_^_ CH3 

CHa XcHa/lO \cH 2 — CHs-Ch^-O-t-CH*— CH2-Of-CH 3 / 5 CH 3 



[0039] 
[Formula 7] 

CH3-S1— O-f-Si-O 




V I 

Chb \CH 3 /27 >CH 2 -CH2i:H2-04CH2~CH2<)^9H-CH2-CihBuZCH3 



23 ^CH 3 




/23 



(Bu= 



iSiiit (2) 



;H 2 — CH 2 -CH 2 — CHs) 



[0040] 

[Formula 8] 

C|H 3 / <JH 3 

CH3~|i — 04-|i— O 





CH 3 \ CH 3 '24 X CH 2 — CH 2 -CH 2 -0-fCH 2 — CH 2 -Q)^H '4 CH3 



• - -fltS£ (3) 
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[Table 1] 










iSm^S^XmS - cm- 1 ] 




(1) 


(CF 3 S0 2 ),NLi 


0.5 


2.20x1 Or 1 




fltiSSt (1) 


(CF 3 S0 2 ) 2 NLI 


1.0 


2.25x1 CT 1 




fcj&sc (i) 


(CF 3 S0 2 ) 3 CLi 


0.5 


1.20xl0~ 1 




«565t (1) 


(CF 3 S0 2 ) a CLi 


1.0 


1.26x1 Or 1 




tSSiC (2) 


(CFoSOokNLi 


0.5 


2.09x1 0" 2 




Wilit (2) 


(CF 3 S02) 2 NLi 


1.0 


4.05x1 0" 2 




fliStsC (2) 


(CF 3 S02) 3 CU 


0.5 


3.64x1 0" 2 




«S3K (2) 


(CF 3 S0 2 ) 3 CU 


1.0 


3.80x1 0" 2 




(KM (3) 


(CF 3 S02) 2 NLi 


0.5 


4.62x10-2 




«aa 0) 


(CF 3 S02) 2 NLi 


1.0 


4.80x1 0~ 2 




(3) 


(CF 3 S02) 3 CLj 


0.5 


2.75X10- 2 




*aa (3) 


(CF 3 S0 2 ) 3 CLI 


1.0 


2.88x10- 2 



[0042] The result of Table 1 shows that each siloxane derivative shown by ** 6 -izing 8 has the 
conductivity which can be used for a cell. Moreover, in siloxane derivative (1) - (3) from which a 
coefficient of kinematic viscosity differs, it turns out that conductivity with higher using the siloxane 
derivative (1) which has a low coefficient of kinematic viscosity more can be obtained. 
[0043] The cyclic voltamogram of the siloxane derivative (1) shown by ** 6 and ** 7 of the example 
2 point and (2) was measured, and oxidation stability was investigated. Measurement used the 
electrochemical cell made from three electrodes, and used the lithium metal for the operation pole on 
the nickel electrode (diameter : 0.5mm), the counter electrode, and the reference pole. And potential 
until the oxidation current of lOOmicroA-cm -2 occurs was made into the range of stable potential. 
Consequently, 5.8V and the oxidization stable potential of a sample 6 were set to 6.0V by the 
oxidization stable potential of a sample 2. 

[0044] This result shows that a siloxane derivative can demonstrate the cell performance which was 
excellent also in the high voltage. 

[0045] The coin cell siloxane derivative [ which is shown to LiCo02 and a negative electrode by the 
carbon material, and is shown in the electrolytic solution by ** 6 ] (1) Used for example 3 positive 
electrode was produced, and the charge and discharge test was performed. Upper-limit voltage: 
Charge and discharge were repeated up to 20 cycles on condition that 4.2V, minimum voltage:3.0V, 
and discharge current: lOOmicroA. The charge and discharge test at that time is shown in drawing 1 . 
[0046] The result of drawing 1 shows that a siloxane derivative (1) has the cell performance which 
was excellent as a cell. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] ~~ ™ — 

Prawing 1] It is the property view showing the charge-and-discharge curve of the nonaqueous 
electrolyte cell of this example. 
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DRAWINGS 



[Drawing 11 
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